The quality assessment and discrimination of Panax herbs are very challenging to perform due to the complexity and variability of their chemical compositions. An integrated strategy was established using UHPLC-Q-Exactive/HRMS and HPLC-ESI-MS/MS to achieve an accurate, rapid, and comprehensive qualitative and quantitative analysis of Panax japonicas (PJ), Panax japonicus var. major (PM), and Panax zingiberensis (PZ). Additionally, discrimination among the three species was explored with partial least squares-discriminant analysis (PLS-DA) and orthogonal partial least squares-discriminant analysis (OPLS-DA) score plots. A total of 101 compounds were plausibly or unambiguously identified, including 82 from PJ, 78 from PM, and 67 from PZ. Among them, 16 representative ginsenosides were further quantified in three herbs. A clear discrimination between the three species was observed through a multivariate statistical analysis on the quantitative data. Nine compounds that allowed for discrimination between PJ, PM, and PZ were discovered. Notably, ginsenoside Rf (G-Rf), ginsenoside F3 (G-F3), and chikusetsu saponin IV (CS-IV) were the three most important differential compounds. The research indicated that the integrated LC-MS-based strategy can be applied for the quality assessment and discrimination of the three Panax herbs.
Introduction
Ginseng herbs, the roots and rhizomes of the Panax species (Araliaceae), are valuable traditional herbs that have a thousand years of medical history and are well-known worldwide as herbal medicines and food to enhance body strength, prevent exhaustion, and improve immunity [1] . Panax species are the important medicinal resources in the world because of their significant medicinal value, and are distributed in more than 35 countries, particularly America, South Korea, Japan, and China. With their popularity all over the world, the attention that Panax has received has increased significantly [2] [3] [4] [5] . These herbs contain complex chemical constituents. Ginsenosides are the characteristic and principal components and have been used as an important index in quality assessment and control. The skeleton of aglycones reveals dammarane tetracyclic triterpenoidal saponins and oleanane pentacyclic triterpenoidal saponins (oleanolic acid-type ginsenosides, OAs) in natural ginsensides. Furthermore, dammarane tetracyclic triterpenoidal saponins can be divided into Table 1 . The sources of roots and rhizomes of Panax japonicus var. major (PM1-PM20), Panax japonicas (PJ1-PJ20), and Panax zingiberensis (PZ1-PZ10). Taung-gyi  2015  48 PZ-8 Myanmar, Taung-gyi  2015  49 PZ-9 Myanmar, Taung-gyi  2015  50 PZ-10 Myanmar, Taung-gyi  2015 Molecules 2018, 23 , 2988 4 of 20
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The 16 reference standards of the ginsenosides, that is, ginsenoside (G)-Rg1, G-Re, Rb1, G-Rc, G-Rb2, G-Rb3, G-Rf, G-Rd, G-Rg2, G-Rg3, G-F3, G-Rh1, G-Rh2, G-Ro, notoginsenoside (NG)-R1, and pseudoginsenoside (pseudo G)-F11, were purchased from Chengdu Must Biotechnology Co., Ltd. (Chengdu, Sichuan, China). The four reference standards of the ginsenosides, that is, G-F1, G-F2, protopanoxadiol (PPD), and protopanaxatriol (PPT), were supplied by the National Institute of Control of Pharmaceutical and Biological Products (Beijing, China). Lastly, two reference standards of chikusetsu saponin (CS), that is, CS-IV and CS-IVa, were obtained from Chengdu Chroma-Biotechnology Co., Ltd. (Sichuan, China). The chemical structures of the 16 quantitative ginsenosides are shown in Figure 1 . The purities of all reference standards were higher than 98%, as confirmed by HPLC. The 16 reference standards of the ginsenosides, that is, ginsenoside (G)-Rg1, G-Re, Rb1, G-Rc, GRb2, G-Rb3, G-Rf, G-Rd, G-Rg2, G-Rg3, G-F3, G-Rh1, G-Rh2, G-Ro, notoginsenoside (NG)-R1, and pseudoginsenoside (pseudo G)-F11, were purchased from Chengdu Must Biotechnology Co., Ltd. (Chengdu, Sichuan, China). The four reference standards of the ginsenosides, that is, G-F1, G-F2, protopanoxadiol (PPD), and protopanaxatriol (PPT), were supplied by the National Institute of Control of Pharmaceutical and Biological Products (Beijing, China). Lastly, two reference standards of chikusetsu saponin (CS), that is, CS-IV and CS-IVa, were obtained from Chengdu ChromaBiotechnology Co., Ltd. (Sichuan, China). The chemical structures of the 16 quantitative ginsenosides are shown in Figure 1 . The purities of all reference standards were higher than 98%, as confirmed by HPLC. LC-MS grade acetonitrile and methanol were obtained from Fisher Scientific (Beijing, China). De-ionized water was purified using a Milli-Q Ultra-pure water system (Millipore, Bedford, MA, USA). All other reagents and chemicals were of analytical grade and obtained from Beijing Chemical Plant Co. Ltd. (Beijing, China).
Sample Solutions Preparation
The samples of PJ, PM, and PZ were pulverized into fine powder in a grinder; 1.0 g of the powder was suspended in 25 mL of methanol and ultrasonically extracted (40 kHz, 200 W) for 30 min at 40 °C. The extracted solutions were then filtered through 0.22 μm Nylon micropore membranes and used for the UHPLC-Q-Exactive/HRMS analysis.
Furthermore, 0.1 g of the powder was suspended in 20 mL of 60% methanol and ultrasonically extracted (40 kHz, 200 W) for 45 min at 40 °C. The extracted solutions were filtered and diluted 80 times using 60% methanol. The diluted solutions were filtered through 0.22 μm Nylon micropore membranes and used for the HPLC-ESI-MS/MS analysis.
Standard Ginsenosides Solutions
Certain amounts of G-Rg1, G-Re, G-Rb1, G-Rc, G-Rb2, G-Rb3, G-Rf, G-Rd, G-Rg2, G-Rg3, G-F3, G-Rh1, G-Rh2, G-Ro, G-F1, G-F2, PPD, PPT, NG-R1, Pseudo G-F11 CS-IV, and CS-IVa were dissolved in methanol to obtain 22 reference compound stock solutions (at 1.0-5.0 mg/mL). The stock solutions were diluted with methanol, and each solution was used for studying fragmentation pathways by a UHPLC-Q-Exactive/HRMS analysis.
Furthermore, a mixed solution containing the references of G-Rg1, G-Re, G-Rb1, G-Rc, G-Rb2, G-Rb3, G-Rf, G-Rd, G-Rg2, G-Rg3, G-F3, G-Rh1, G-Ro, NG-R1, CS-IV, and CS-IVa was also prepared LC-MS grade acetonitrile and methanol were obtained from Fisher Scientific (Beijing, China). De-ionized water was purified using a Milli-Q Ultra-pure water system (Millipore, Bedford, MA, USA). All other reagents and chemicals were of analytical grade and obtained from Beijing Chemical Plant Co. Ltd. (Beijing, China).
Sample Solutions Preparation
The samples of PJ, PM, and PZ were pulverized into fine powder in a grinder; 1.0 g of the powder was suspended in 25 mL of methanol and ultrasonically extracted (40 kHz, 200 W) for 30 min at 40 • C. The extracted solutions were then filtered through 0.22 µm Nylon micropore membranes and used for the UHPLC-Q-Exactive/HRMS analysis.
Furthermore, 0.1 g of the powder was suspended in 20 mL of 60% methanol and ultrasonically extracted (40 kHz, 200 W) for 45 min at 40 • C. The extracted solutions were filtered and diluted 80 times using 60% methanol. The diluted solutions were filtered through 0.22 µm Nylon micropore membranes and used for the HPLC-ESI-MS/MS analysis.
Standard Ginsenosides Solutions
Furthermore, a mixed solution containing the references of G-Rg1, G-Re, G-Rb1, G-Rc, G-Rb2, G-Rb3, G-Rf, G-Rd, G-Rg2, G-Rg3, G-F3, G-Rh1, G-Ro, NG-R1, CS-IV, and CS-IVa was also prepared and serially diluted with 60% methanol-water (v/v) to obtain 16 reference solutions with different concentrations, which were used for plotting standard curves in the HPLC-ESI-MS/MS analysis.
UHPLC-Q-Exactive Orbitrap HRMS Conditions for Qualitative Analysis
UHPLC analysis was performed using an Ultimate 3000 system (Dionex, Sunnyvale, CA, USA), which is equipped with an online vacuum degasser, a quaternary pump, an autosampler, and a thermostated column compartment. An ACQUITY UPLC HSS T3, 2.1 mm × 100 mm, 1.7 µm (Waters, Milford, MA, USA) was used for chromatographic separation at 40 • C. For separation, gradient elution using aqueous formic acid 0.1% (v/v) was done for mobile phase A and acetonitrile for phase B at a flow rate of 0.3 mL/min. The following gradient was applied: 0-1 min, 0% B; 1-10 min, 0%→100% B and 10-10.1 min, 0% B. The injection volume was 2 µL, and the injection temperature was set at 15 • C.
High-Resolution Mass spectrometry was performed with a Q-Exactive Orbitrap HRMS (Thermo Fisher, Waltham, MA, USA) using a heated electrospray ionization source (HESI) for the ionization of the target compounds in the negative mode. The operating parameters were as follows: spray voltage, 3.70 KV; capillary temperature, 320 • C; sheath gas pressure, 30 psi; auxiliary gas pressure, 10 arb; auxiliary gas heater temp, 300 • C; scan modes, full MS scan (resolution 70,000); and scan range, m/z 100-1500. The data were processed using the Thermo Xcalibur 3.0 software (Thermo Finnigan, San Jose, CA, USA).
HPLC-ESI-MS/MS Conditions for Quantitative Analysis
For quantitative analysis, the separation of the multicomponents was carried out using an Agilent 1260 Infinity liquid chromatography (Agilent, Lexington, MA, USA) equipped with a quaternary pump, an online vacuum degasser, an autosampler, and a thermostatic column compartment. Chromatographic separation was performed on a Waters C18 column (3.9 mm × 150 mm, 4.6 µm). The mobile phase consisted of (A) acetonitrile and (B) a 0.05% formic acid aqueous solution by gradient elution (0-3 min, 20%→23% A; 3-8 min, 30%→35% A; 8-15 min, 35% A; 15-20 min, 35%→60% A; 20-22 min, 60%→80% A; 22-24 min, 80%→95% A; 24-25 min, 95%→20% A). The flow rate was 1 mL/min, and the split ratio was set at 3:2. The temperature was set at room temperature. The injection volume was 10 µL.
The Applied Biosystems 3200QTRAP triple quadrupole tandem mass spectrometer (Applied Biosystems/MDS Sciex, Concord, Ontario, Canada) used was equipped with an electrospray ionization (ESI) source for the mass analysis and detection. All data collected were analyzed and processed using the Analyst 1.6 software (Applied Biosystems/MDS Sciex. Foster City, CA, USA). The turbo ion spray source was set in the negative ionization mode. Multiple reaction monitoring (MRM) was used for detection transitions. The selective ion-pair, DP, and eV of the 16 saponins are shown in Table 2 . The ion spray voltage was set at −4500 V, the source temperature was set at 450 • C, and gas 1 and gas 2 were set at 50 psi and 45 psi, respectively. 
Quantitative Method Validation
To verify linearity, the standard solutions containing 16 reference substances at seven different concentrations were injected into the triple quadrupole tandem mass spectrometer and analyzed. Calibration curves of the reference standards were constructed by plotting the integrated peak area versus the corresponding concentrations. The limit of detection (LOD) and the limit of quantification (LOQ) of the 16 ginsenosides were determined by injecting a series of standard solutions until the basis of response at the signal-to-noise ratio (S/N) was about 3 times for LOD and 10 times for LOQ. To determine precision, the samples were analyzed six times within the same day. Reproducibility was evaluated by extracting and analyzing six replicates of the same batch of sample with the established method. To determine stability, the same sample solution was analyzed at 0, 2, 4, 8, 12, and 24 h. Furthermore, a recovery test was used to evaluate the accuracy of this method. Known amounts of ginsenoside standards were added into a 0.1 g of sample six times; the six mixtures were extracted and analyzed.
Multivariate Statistical Analysis
A multivariate statistical analysis was performed using the SIMCA-P 13.0 software (Umetrics AB, Umea, Sweden) using a partial least squares-discriminant analysis (PLS-DA) and an orthogonal partial least squares-discriminant analysis (OPLS-DA). The score plots of all samples employed UV scaling. The heat map was drawn using the Heatmap illustrator 1.0 (Wuhan, Hubei, China).
Results and Discussion

Identity Assignment and Confirmation of the Components in PJ, PM, and PZ
In this study, the UHPLC-Q-Exactive/HRMS technique was utilized to rapidly separate and comprehensively identify the major compounds in PJ, PM, and PZ. To separate most of the compounds and achieve the most sensitive detection in a short time, the chromatographic and spectral conditions were optimized. Because the negative mode was more sensitive than the positive mode for detecting ginsenosides in the pre-experiment, heated electrospray ionization of the chemical compounds was performed in the negative ion mode. In addition, formic acid, when added to the mobile phase, not only improved the chromatographic peaks, but also easily generated formic acid adductions [M + HCOO] − , which made it easier to detect and confirm the molecular ion. After optimizing the experimental conditions, the base peak chromatograms were obtained as shown in Figure 2 . The details for the identified ginsenosides, such as the retention time (tR), the molecular formula, the theoretical molecular mass, the experimental molecular mass, and MS/MS (fragment ion) information, are summarized in Table 3 . These provide abundant information that can be used as a basis for identifying the constituents in the three Panax herbs. The mass error for molecular ions in all identified ginsenosides was within 10 ppm, indicating that the experimental molecular formula well-matched with the quasimolecular ions, theoretical molecular ions, and fragment ions. Phytochemistry research studies have demonstrated that the chemical constituents in the Panax genus are very complex [1, 22, 23] . Ginsenosides are the major effective components. Currently, hundreds of ginsenosides have been isolated and unambiguously characterized from these Panax species, especially from P. ginseng, P. quinquefolium, and P. notoginseng. Furthermore, the fragmentation pathways of numerous ginsenosides have been reported by numerous research studies [24, 25] , which makes it easier to detect and identify secondary metabolites from Panax species using the UHPLC-Q-Exactive/HRMS technique. In the present study, ESI-MS on negative ion mode was used for compound detection and characterization due to its high sensitivity and sensitivity, as well as clear mass spectra in the negative ion mode. A total of 101 compounds were detected and tentatively identified, including 82 from PJ, 78 from PM, and 67 from PZ. Among them, 22 ginsenosides, including ginsenosides G-Rg1, G-Re, G-Rb1, G-Rc, G-Rb2, G-Rb3, G-Rf, G-Rd, G-Rg2, G-Rg3, G-F3, G-Rh1, G-Rh2, G-Ro, G-F1, G-F2, NG-R1, pseudo G-F11, PPD, PPT, CS-IV, and CS-IVa, were unambiguously identified by comparing their retention times and fragment ions with the Phytochemistry research studies have demonstrated that the chemical constituents in the Panax genus are very complex [1, 22, 23] . Ginsenosides are the major effective components. Currently, hundreds of ginsenosides have been isolated and unambiguously characterized from these Panax species, especially from P. ginseng, P. quinquefolium, and P. notoginseng. Furthermore, the fragmentation pathways of numerous ginsenosides have been reported by numerous research studies [24, 25] , which makes it easier to detect and identify secondary metabolites from Panax species using the UHPLC-Q-Exactive/HRMS technique. In the present study, ESI-MS on negative ion mode was used for compound detection and characterization due to its high sensitivity and sensitivity, as well as clear mass spectra in the negative ion mode. A total of 101 compounds were detected and tentatively identified, including 82 from PJ, 78 from PM, and 67 from PZ. Among them, 22 ginsenosides, including ginsenosides G-Rg1, G-Re, G-Rb1, G-Rc, G-Rb2, G-Rb3, G-Rf, G-Rd, G-Rg2, G-Rg3, G-F3, G-Rh1, G-Rh2, G-Ro, G-F1, G-F2, NG-R1, pseudo G-F11, PPD, PPT, CS-IV, and CS-IVa, were unambiguously identified by comparing their retention times and fragment ions with the reference standards. The others were tentatively assigned by the empirical molecular formula, theoretical molecular mass, and MS/MS fragment ions as well as the retention sequence of isomeric ginsenosides.
In the MS spectra, most of the ginsenosides showed deprotonated ions [ 19, 22, 31, 40, 45, 46, 50, 51, 56,  57, 59 , 65, and 68. Additionally, according to the negative MS, MS/MS spectra of the ginsenosides, the deprotonated ions and their product ions exhibited the common fragmentation pattern that corresponds to the successive or simultaneous loss of glycosidic units, such as the glucosyl (Glc) group (162 Da), the rhamnosyl (Rha) group (146 Da), the xylose(Xyl)/arabinose(Ara) group (132 Da as compounds 3, 6, 8, 10, 11, 13, 17, 18, 41, 53, 62, 69, and 78 ) and PPDs (such as compounds 20, 30, 31,  35, 36, 39, 42, 48, 54, 60, 64, 70, 71, 75, 85, 88, 89, 91, 93, and 98 ) , respectively. As shown in Figure 3A reference standards. The others were tentatively assigned by the empirical molecular formula, theoretical molecular mass, and MS/MS fragment ions as well as the retention sequence of isomeric ginsenosides.
In the MS spectra, most of the ginsenosides showed deprotonated ions 19, 22, 31, 40, 45, 46, 50, 51, 56, 57,  59 , 65, and 68. Additionally, according to the negative MS, MS/MS spectra of the ginsenosides, the deprotonated ions and their product ions exhibited the common fragmentation pattern that corresponds to the successive or simultaneous loss of glycosidic units, such as the glucosyl (Glc) group (162 Da), the rhamnosyl (Rha) group (146 Da), the xylose(Xyl)/arabinose(Ara) group (132 Da), and the glucuronyl (Glu A) group (176 Da), at the C-20, C-3, or C-6 sites until the formation of an aglycone ion. The characteristic ions at m/z 475 (C30H51O4) and m/z 459 (C30H51O3) were observed in the PPTs (such as compounds 3, 6, 8, 10, 11, 13, 17, 18, 41, 53, 62, 69, and 78 ) and PPDs (such as compounds 20, 30, 31, 35, 36, 39, 42, 48, 54, 60, 64, 70, 71, 75, 85, 88, 89, 91, 93, and 98 ) , respectively. As shown in Figure 3A Notably, some Octillol-type triterpenoid saponins were also detected and identified in the three ginseng herbs. For example, compounds 24 (Pseudo G-F11), 34 (Vina G-R1), 95 (Vina G-R2), 100 (Pseudo G-RT4), 5, and 21 (Vina G-R6/Yesanchinoside C) were observed at m/z 491 (C 30 H 51 O 5 ) via the loss of a different sugar moiety, corresponding to the deprotonated ions of Octillol-type aglycone.
Validation of the Quantitative Analytical Method
The HPLC-ESI-MS/MS quantitative analysis method was validated. The regression equations, coefficient of determination, linear ranges, LODs, and LOQs for the quantitative analysis of the 16 reference ginsenosides are shown in Table 4 . The calibration curves for all 16 reference substances showed good linear regression (r > 0.999) within the test ranges. The LODs of the 16 reference compounds were estimated to be 0.13-2.22 ng/mL, whereas the LOQs were 0.31-5.90 ng/mL. The precision, repeatability, stability, and recovery are listed in Table 5 . The precision of the quantitative method was determined; the validation studies showed that the relative standard deviation (RSD) was less than 4.87%, and the repeatability of the method was very good (RSD < 4.93%). The RSD of the storage stability was less than 4.60% in 24 h. The recovery was in the range of 99.25-104.10% with an RSD of less than 3.45%. The established HPLC-ESI-MS/MS method was accurate and reliable and is therefore appropriate for quantitative analysis. 
Determination of the 16 Ginsenosides Using HPLC-ESI-MS/MS
The contents of the major 16 ginsenosides from 50 batch samples were determined using the HPLC-ESI-MS/MS method, including 6 PPDs (G-Rb1, Rb2, Rb3, Rc, Rd, and Rg3), 7 PPTs (G-Re, Rf, Rg1, Rg2, Rh1, F3, and N-R1), and 3 OAs (G-Ro, CS-IV, and CS-IVa). The chromatograms obtained with reference substances and sample solutions are shown in Figure 4 . The determination results are shown in Table 6 and Figure 5 . In PJ, PM, and PZ, the contents of the PPDs were 4.449 ± 2.902%, 10.793 ± 6.135%, and 12.607 ± 4.247%, respectively. Among them, G-Ro, CS-IV, and CS-IVA have the highest content in plants, which is about 20-70 times that of other ginsenosides. Moreover, the content of G-Rb2, G-Rb3, G-RC, G-R3, and NG-R1 in plants is generally low, and some plants are almost undetectable. By analyzing the amount of compound, we can find that the difference in the content of these compounds (G-Rd, G-Rf, G-F3, G-Ro, and CS-IV) is larger than the others between PM and PJ. The differences in the content of NG-R1, G-Rb1, G-F3, G-Rh1, G-Re, G-Rg1, are larger than the others between PM and PZ. The differences in the content of G-Rh1, NG-R1, G-Rg1, G-F3, G-Ro, and CS-IVA between PJ and PZ are significant. In general, PJ and PM are similar, and PZ differs greatly from them.
The contents of the major 16 ginsenosides from 50 batch samples were determined using the HPLC-ESI-MS/MS method, including 6 PPDs (G-Rb1, Rb2, Rb3, Rc, Rd, and Rg3), 7 PPTs (G-Re, Rf, Rg1, Rg2, Rh1, F3, and N-R1), and 3 OAs (G-Ro, CS-IV, and CS-IVa). The chromatograms obtained with reference substances and sample solutions are shown in Figure 4 . The determination results are shown in Table 6 and Figure 5 . In PJ, PM, and PZ, the contents of the PPDs were 4.449 ± 2.902%, 10.793 ± 6.135%, and 12.607 ± 4.247%, respectively. Among them, G-Ro, CS-IV, and CS-IVA have the highest content in plants, which is about 20-70 times that of other ginsenosides. Moreover, the content of G-Rb2, G-Rb3, G-RC, G-R3, and NG-R1 in plants is generally low, and some plants are almost undetectable. By analyzing the amount of compound, we can find that the difference in the content of these compounds (G-Rd, G-Rf, G-F3, G-Ro, and CS-IV) is larger than the others between PM and PJ. The differences in the content of NG-R1, G-Rb1, G-F3, G-Rh1, G-Re, G-Rg1, are larger than the others between PM and PZ. The differences in the content of G-Rh1, NG-R1, G-Rg1, G-F3, G-Ro, and CS-IVA between PJ and PZ are significant. In general, PJ and PM are similar, and PZ differs greatly from them. T PPD , T PPT , T OA , and T represent the content of protopanaxdiol-type ginsenosides, protopanaxtriol-type ginsenosides, oleanolic acid-type ginsenosides, and total ginsenosides, respectively; "-" represents not detected; SD, standard deviation. 
Discrimination of PJ, PM, and PZ by a Multivariate Statistical Analysis
The variations in the 16 major compounds among the three ginseng species were intuitively represented by a two-way hierarchical clustering analysis heat map. As shown in the heat map in Figure 5E , PZ could be clearly distinguished from PJ and PM by a hierarchical clustering analysis. In contrast, PJ and PZ were not well-discriminated, and their ginsenoside contents were much closer than that of PZ.
In order to further reveal differences in the chemical composition among PJ, PM, and PZ, PLS-DA and OPLS-DA were also utilized to distinguish between different ginseng species. A total of 50 ginseng samples (20 batches of PJ; 20 batches of PM; 10 batches of PZ) were analyzed. Among them, 35 samples were randomly selected as the training set, and 15 were the prediction set. The result is shown in Figure 6 . The established PLS-DA model showed good fitness (R2X = 0.699, R2Y = 0.897) and predictability (Q2 = 0.85). The PLS-DA score plot displayed that the three clusters representing the PJ, PM, and PZ groups were well-segregated, thereby indicating the remarkable differences of ginsenosides among these three Panax herbs. A chance permutation test suggested that the model was not over-fitted (as shown in Figure 6A-3) . All samples in the prediction set are correctly identified, so the PLS-DA model has a classification accuracy of 100%. The VIP (variable importance in the projection) plot was used to find the important compounds. When the VIP cutoff was set at 1.0, nine important compounds for discriminating between PJ, PM, and PZ were discovered. G-Rf, G-F3, and CS-IV have the highest contribution that can distinguish the above three herbs (as shown in Figure 6A-4) .
The result of the OPLS-DA analysis based on pairwise comparison methods is shown in Figure 6B -D. The figure reveals that samples from the same species were tightly clustered together and that different species groups were discriminated from one another by the OPLS-DA score plot. Among those with a VIP value exceeding 1.0, seven important compounds for the discrimination between PJ and PM (in order of CS-IV, G-Rf, G-F3, G-Rd, G-Ro, G-Rb1, and G-Rg1), nine for PM and PZ (in order of G-Rh1, N-R1, G-F3, G-Rb1, CS-IVa, G-Rg1, G-Re, G-Rg3, and G-Rf), and nine for PJ and PZ (in order of G-Rh1, N-R1, G-Rg2, G-F3, G-Rg3, G-Rg1, G-Rb1, G-Re, and CS-IV) were obtained.
In Chinese folk medicine, PJ and PM are historically and generally used as a herbal medicine for similar indications. These two herbs possess combined medicinal effects, which are P. ginseng's "conserving vitality" activities and P. notoginseng's "replenishing blood" activities [10] . However, PJ and PM are considered to be two different herbal medicines, and are recorded as "zhujieshen" and "zhuzishen" in the Chinese Pharmacopoeia, respectively. Thus, investigation on the difference in their chemical constituents and biopharmalogical effects is necessary and crucial. In our qualitative and quantitative analyses based on an LC-MS technique, PLS-DA and OPLS-DA clearly distinguished between the two herbs, even though they are very similar in composition. Furthermore, the average content of total ginsenosides in PJ was conspicuously higher than that in PM, even though PM's content in PPDs and PPTs was more abundant. These chemical differences may contribute to the differences in clinical application.
PZ, commonly known as ginger ginseng or Myanmar ginseng, is indigenous to Yunnan province in the Southwest of China [13] , and has also been reported to wildly grow at the Par Moe Ne Water Spring area in Taung-gyi, Shan State, Myanmar, which has an altitude of 1500 m above sea level. Few previous studies have focused on the comprehensive chemical compositions and determination of ginsenosides in PZ [26] . In the present study, for the first time, the chemical compositions of this herb were screened and identified by UHPLC-Q-Exactive/HRMS, and the content of 16 major ginsenosides was determined. These results are beneficial for the development and quality assessment of PZ.
In conclusion, an integrated strategy to comprehensively identify the chemical composition and simultaneously quantify 16 ginsenodsies in the three Panax herbs was successfully established. After optimization of the conditions, a total of 101 ginsenosides were detected and tentatively identified using UHPLC-Q-Exactive/HRMS, including 82 from PJ, 78 from PM, and 67 from PZ. Among these compounds, 22 were unambiguously confirmed by comparing their retention times and mass spectra with those of reference ginsenosides. The quantitative analysis was implemented using a reliable and practical HPLC-ESI-MS/MS method using MRM mode. The validation of the methodology showed favorable levels of LOD, LOQ, linearity, precision, repeatability, stability, and recovery. Finally, the PLS-DA and OPLS-DA results, based on the quantitative data, displayed a significant difference in ginsenoside content between the three ginseng-drugs. G-Rf, G-F3, and CS-IV were the three most characteristic components that can distinguish between the three herbs. The integrated LC-MS-based strategy combined with a multivariate data analysis could not only achieve a rapid, accurate, and comprehensive qualitative and quantitative analysis of the complex ginsenoside but also enable us to discriminate between PJ, PM, and PZ, which provides valuable references for the quality assessment and control of traditional Chinese medicines (TCMs). 
